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1  Objectives 

of  work  i,s  to  clovolop  ronthodoloRies  for  the  efT.eient  eomputatio..  of 
..l,,,.,v„'unic  sensitivities  using  statcof-thc-art  CFD  techniques  or  use  n.  aeroclynanne 
shai.e  optimization  and  fluids-structure  interaction  analysis  including 

1 .  Analysis  of  multircsolution  schemes  to  compute  sensitivities. 

2.  Analysis  of  parallel  implementation  issues  in  sensitivity  computations. 

:i.  Mo.lincal,ion  of  a  production  CFD  code  for  parallel  multircsolution  computation  of 
sensitivities. 

A.  Integration  of  sensitivities  into  airframe  optimization. 

2  Status  of  Effort 

A  r.:.!  ri?n  rnrle  RAMPANT,  has  been  modified  to  calculate  sensitivities  of  three- 

^iZScX  «  '--‘O 'f 

ramcL  using  tlie  Sensitivity  Equation  (SB)  approach.  The  Oow  and  “I" 

are  discretized  and  solved  on  a  three-dimensional  unstructured  mesh  using  a  finite-volum^ 
1  wii  h  flux  difference  splitting.  The  discretized  sensitivity  system  is  invei  ted  using  .a 

to  acceleraL  convergence  of  this  iterative  solver.  Significant  computational  .savings  aie 
obtained  by  perforndng  the  flow  and  sensitivity  solutions  simultaneoasly  since  this  avoids 
diinlicrationo^f  calculations  common  to  both.  Preliminary  results  have  been  obtained  fioi 
the  sen.sitivity  solver.  The  next  step  is  to  apply  it  to  computing  geometiic  sensi  ivi  les 

I i.rv  I ■••inrjnnir  flow  over  a  three-dimensional  aircraft  wing. 

A  procedure  for  the  efficient  calculation  of  the  sensitivity  of  fluid-structure  >»teraction 
problems  has  been  developed.  The  procedure  involves  calculation  of  the  flow  scnsiti  y 
will'^^  geometric  shape  for  the  base  configuration.  The  flow  sensit.vit.es  ar 
I  hel,  transferred  to  a^structural  finite-element  solver  which  solves  the  direct  and  sensitivity 
problems'for  the  fluid-structure  system  without  iterating  between  the  flow  and  structura 

codos. 


Accomplishments/New  Findings 


lui  accomplishments  and  new  findings  of  the  past  year  from 

1  T.nn  cmentation  of  the  SE  method  in  a  production  CFD  code.  RAMI  AIN  i  l.om 
„ont  Inc  is  a  commercial  CFD  code  for  simulating  compressible  flows  around  com- 
rlcu-'<limPn»ional  geometric.  Fluent’s  suite  of  CFD  codes  Is  the  most  vudelyused 
t  of  commercial  CFD  tools.  Computation  of  sensitivity  of  the  flow  to  gcomc  nc  s  lap 
irameters  for  inviscid  flows  in  the  subsonic,  transonic  and  supersonic  regimes 
I  allied  in  RAMPANT.  The  sensitivities  are  calculated  using  the  SE  mcthoc  in  w  lu.  i 
sensitivity  system  is  formulated  from  the 

•oblem  and  then  its  discrete  approximation  is  derived.  The  SE  method  offers  s.g 
m  .ulvnutugee  in  termn  of  efflciency,  accuracy  and  Ilexibility  over  the  quae.-analyt  c 
I  semrsoL^  method  (whici,  is  used  In  automatic  .litarntmtum  Wld'-'W  ' 
AMPANT  source  code  was  made  available  through  the  estabhshment  of  a  strategic 
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parl„ml,ip  bclwcop  Flpont  Inc.  and  Dean,  for  tram.to..  of  llna  cchnology  “m 

no, rial  inarkctpl.acc.  TI.C  in,plen.entation  of  Ihc  SE  tcchnoloav  .n  a  popniar  CFD  lool 
nnl,o,  nrioolm,.lnKv  available  for  .eolvinfi  indna.,ri«l-.,eale  problen.»  to  a  l.arge  and.enoo. 
This  .hivclopincnt.  enables  design  optimization,  aeroelasticity  and  llutter  calcnlalions  using 
sl,al.e-or-thc-art  CFD  technology  and  is  applicable  in  the  transonic 
Air  Force  objective  of  affordable  design  through  new  design  tools  and  methods. 

9  Flow  sensitivity  calculation  on  three-dimensional  unstructured  meshes.  Unstiuc- 
lunsi  meshes  greatly  simplify  the  discretization  of  complex  domains  and  oder  the  cap, - 
mv  (.radlpf  the  Lsh  as  the  solution  evolves.  Implementation  of  the  SE  method  on 
unstructured  meshes  significantly  simplifies  obtaining  flow  sensitivities  for  complex  thice- 

(hnimismmvUcomcM^  to  compute  sensitivities:  An  algebraic  miiltigrid  algo- 

,  i(  Inn  is  used  to  speed  up  the  convergence  of  the  iterative  solver  employed  m  ^ 

calculation.  Acceleration  is  particularly  important  in  cases  with  a  large  number  of  d  .  g 

v,ariableSi^s  lumrfra^^^  solution  and  sensitivity:  The  sensUivity  system 

ha.s  I’loic  simil.arities  with  the  linearized  fiow  system.  Concurrent  solution  of  the  flow  .aii.l 
sensitivity  systems  avoids  unnecessary  duplication  of  calculations  common  ^  ‘ 
u  l  significantly  reduces  the  computational  overhead  for  obtaining  the  sensitivities. 

using  upwind  schemes:  Characteristic-based  upwind  schemes,  such  as 
Roe’s  (lux-difference  splitting,  are  used  to  introduce  the  physical  properties  of  the  fiow 
equations  into  the  discretized  formulation  by  accounting  for  the  physica  propagation  o 
pruXIions  along  characteristics.  Our  implementation  demoastnates  the  ase  of  Roe  s 

(lux  difference  .splitting  to  discretize  the  sensitivity  equatioas.  rn  -  i  i  ^ 

C.  Malhomalical  framework  for  efficient  calculation  of  sensitivity  of 

cmic.  T„e  .structural  code  tn'tIvW  and 

Mdluctum  system  am  calclated  using  the  SE  approaclu 

This  developLnt  is  an  important  milestone  in  the  development  of  practical  . 

lools  for  the  optimization  of  flexible  structures  in  the  nonlinear  transonic  and  high-.  i  c 
rcgtuel  Tirtechnology  will  benefit  the  Air  Force  in  the  aeroelast.c  optimization  of 

adv,anced  airframes  and  missiles. 

4  Personnel  Supported 

Dr.  Gal  Borkooz  (PI). 

Dr.  Rajesh  Bhask.aran,  Staff  Scientist. 

Dr.  Kevin  Long,  Senior  Scientist. 


Publications 

I  m.-iskaran  R  and  Bcrkooz,  G.  “Optimization  of  fluid-structure  interaction  using  the 
woa^b”  to L  presented  a.  the  4.1.  Inter^tlonal  Symposum. 
on  Fluid-Structure  Interaction,  Aeroelasticity,  Flow-Induccc  lua  ion, 
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ASME  International  Mechanical  Engineering  Congress  &  Exposition  ,  Nov  1(.-21 
1997,  Dallas,  Texas. 

i:,  Nnv«..nu.,  i(,w„  ii.Tkn,«,  c.  aiiii  niimAaiHH,  R. « Aiiaiyikni 

their  use  in  the  calculation  of  fluid-structure  interaction  Submitted  to  AIAA  Jon,- 
nnl,  1996. 


G  Interactions/Transitions 

1.  Pre.seutatioiis; 

.  Fluent  Inc.:  ”A  new  method  for  fluid-structure  interaction  prediction”  Feb.  13, 
1997,  Lebanon,  New  Hampshire.  Presenter:  Rajesh  Bhaskaran. 

.  Cornell  University  Applied  Math.  Seminar:  ”A  new  method  for  fluid-structure 
interaction  prediction”,  Nov.  6,  1996,  Ithaca,  New  York.  Presenter:  Rajosh 
Bhixskaran. 

.  Aerospace  Flutter  and  Dynamics  Council:  ”  A  new  method  for  emuputins  CFD 
Accurate  Aerodynamic  Stiffness  for  Fluid  Structure  Interaction  ,  Oct.  9,  l.)96, 
Williramsburg,  VA.  Presenter:  Rajesh  Bhaskaran. 

•  Air  Force  PRET  members  meeting:  Jan.  16,  1997,  Ithaca,  NY.  Pre.senter: 
Rajesh  Bhaskaran. 

2.  Consultative  and  advisory  functions:  none. 


3.  Tiansitions: 


Collaboration  with  AFOSR  PRET:  Beam  is  a  partner  m  an  AhOSR  PRET 
(Partnership  for  Research  Excellence  and  Transition)  in  the  area  of  computa¬ 
tional  partial-differential-equation  (PDE)  optimization  for  design.  Beam  has 
been  working  with  members  of  the  PRET  to  perform  shape  optimizatjon  on 
parametrized  geometries  created  in  a  CAD  package  (Pro/  •>).  ^  avier  .  .Oy  s 

shape  optimization  code  is  being  built  using  PDESolve,  Beam  .s  commercial 
C-t-t-  class  library  for  numerical  simulation  of  PDEs.  The  conUct  person  i.s 
Dr.  Jeffrey  Borggaard,  Visiting  Scientist,  Cornell  University  (Phone:  (607) 
255-8270,  E-mail:  borggajt@fred.mac.cornell.edu). 

Ongoing  interaction  with  Lockheed  Martin  Tactical  Aircraft  Systems;  Beam  i.s 
collaborating  with  Lockheed  Martin  for  transition  of  technology  in  Uic  are^  of 
sensitivity  analysis  and  fluid-structure  interaction.  Applications  of  interest  are 
aeroelastic  tailoring  optimization  and  flutter  prediction  in  the  transonic  regime. 
Lockheed  Ft.  Worth  integrated  Beam’s  two-dimensional  flow  sensitivity  results 
into  ASTROS  structural  analysis  code  and  tested  it  by  performing  .static  acroe- 
lasticity  calculations  on  a  wing  section  in  transonic  flow.  Beam  wil  working 
with  Lockheed  to  integrate  the  three-dimensional  sensitivities  into  ASTROS 
and  to  demonstrate  aeroelastic  tailoring  optimization  and  flutter  Prcd><^l  ion  in 
the  transonic  regime.  The  contact  person  in  this  interaction  is  Mr.  Mike  Love 
(Phono:  (817)  777-2141  E-mail:  love@lfwc.lockheed.com). 

'JVaiisltioii  1,0  Fliieiit,  Inc.:  Beam  luis  estahlifiliod  a  fll.rat,0Rin  partnership  with 
Fluent,  Inc.  who  is  the  largest  vendor  of  commercial  CFD  software^  Implemen¬ 
tation  of  the  three-dimensional  sensitivity  method  in  RAMPANT  was  mat  e 
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possible  by  Beam’s  partnership  with  Fluent.  Implementation  of  the  sensitivity 
Llmology  in  a  popular  commercial  CFD  tool  provides  a  clear-cn  transiti.m 
p„,h  to  industry.  Contact  person  at  Fluent  is  Dr.  Dipankar  Clioinlhury,  Pr..d- 
nct  Manager  (l'l.onc:GU3-ti43-2GUU.  E-maihdclti-lliieiit.coiii). 
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